
PATENT SPECIFICATION 

DRAWINGS ATTACHED 



1,196,657 



Date of Application (No. 44097/67) and filing Complete 
Specification: 28 September. 1967. 

Complete Specification Published: 1 July. 1970. 



Index at Acceptance:— C2 C (20Y. 30Y. 34Y. 341. 481. 578. 626. KC). 
International Classification:— C 07 c 127/04. 

COMPLETE SPECIFICATION 

Process for the Manufacture of Urea from Ammonia and Carbon 

Dioxide 



10 



15 



20 



25 



30 



35 



40 



I. Guido Giommi, an Italian citizen of 
Viale Coni Zugna 36. Milan. Italy, do here- 
by declare this invention for which we pray 
that a patent may be granted to us. and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

The present invention relates to a process 
for the manufacture of urea from ammonia 
and carbon dioxide. 

Many processes of this type are well 
known in the art In these conventional pro- 
cesses, the conversion of ammonia and car- 
bon dioxide into urea is achieved under high 
pressures and temperatures in such a way 
that ammonium carbamate is first manufac- 
tured from carbon dioxide and ammonia, 
said ammonium carbamate then being con- 
verted in a subsequent step into urea with 
separation of water. The reactions take 
the following courses: 

2NH, + CO. NHsCOONH, 
4, 4, 
NHjCOONH, CCKNHj), +H : 0 

In actual practice, this process is carried 
out by applying pressures of from 150 to 200 
atmospheres and temperatures between 
130°C and 200'C In such a process, how- 
ever, the conversion of the carbamate into 
urea and water is not achieved completely, 
but, at best, with approximately 70% 
3UCcess, i .According to the opinion which is 
most widely accepted by those skilled in the 
art. the main task in area manufacture is 
to separata and recover the unconverted 
ammonium carbamate which is still present 
in the reaction mixture. Several expedients 
have been adopted in order that this prob- 
lem might be satisfactorily solved from an 
economical standpoint. 

It is also known to split the carbamate 
into gaseous ammonia and carbon dioxide. 
In this case, the working temperature is 
(Price Ss.Od.1 
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increased according to the working pressure. 
A frequently encountered drawback is that 45 
the urea contained in the reaction mixtures 
has a tendency, at high temperatures, to- 
wards being reconverted into ammonium 
carbamate and into the starting materials 
(ammonia and carbon dioxide) or also, for 50 
example, into biuret By so doing, contamin- 
ation of the end product is a result with the 
possible reduction of its commercial value. 
Consequently, the carbamate is generally de- 
composed under pressures which are con- 
siderably lower than the pressure obtaining 
during synthesis. For example, a conven- 
tional process is known, in which pressure is 
released stepwise from the reaction mixture, 
the decomposition of the carbamate being 60 
achieved through a number of stages, the 
pressure being eventually reduced to a value 
near the atmospheric pressure. If it is not 
practicable to use the decomposition pro- 
ducts any further, i.e. ammonia and carbon 65 
dioxide, in the condition in which they were 
obtained upon decomposition, then they 
should be compresed again to the synthesis 
pressure in order that they may be used for 
the urea synthesis again. 

This repeated compression, which may 
take place either in the gaseous phase or 
after previous condensation of the gaseous 
components into liquids, requires a high 
power expenditure for the specially provided 75 
compressors. In addition, the strong corro- 
sion brought about by the ammonia and car- 
bon dioxide mixture is conducive to very 
high upkeep costs. 

Attempts have already been made towards 80 
decomposing the carbamate under pressures 
and temperatures which are higher than 
those applied according to the methods pre- 
viously used. In these tentative methods, the 
reaction mixture was dj?Hn?d. while making. 555 
sure that excess ammonia was always present 
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in the mixture. 

It is known, on the other hand, that the 
reverse reactions, to which urea is subject at 
high temperatures, are hindered or delayed 
5 when an excess of free ammonia is present 
It has been attempted to exploit this 
knowledge by using equipment comprising 
a synthesis apparatus in which the forma- 
tion of the carbamate and the dehydration 

10 to form urea took place, and a distillation 
apparatus in which the decomposition of the 
carbamate was caused to occur at a pressure 
which was approximately the same as the 
synthesis presure. In this process, carbon 

15 dioxide was directly fed into the synthesis 
reactor, while ammonia was first caused to 
pass through the distillation apparatus so as 
to form the excess free-ammonia values 
which are necessary to hinder or to slow 

20 down urea decomposition and/ or reconver- 
sion. 

In this process, the ammonia values were 
introduced in gaseous and/ or gasified condi- 
tion and then they entered the synthesis 

25 apparatus together with the other gases 
formed during the decompositpn process. 
However, the amount of additional free 
ammonia which can be fed into said distilla- 
tion apparatus is limited, that is, it should 

30 not exceed the amount which is necessary 
for preparing urea, plus an amount of 
ammonia, either free or combined, which 
was drawn off from the distillation plant 
together with urea and in solution. These 

35 facts occur because the installation is a 
closed-loop plant in which the fed-in am- 
monia should be balanced with the quantity 
of ammonia which is eventually set free. 
By so doing, it was not possible to sepa- 

40 rate the carbamate from the other reaction 
components beyond a certain limit, because 
the increased temperature and the dwell 
time of the reaction mixture in the distilla- 
tion plant caused a part of the urea to be 

45 reconverted and to form additional car- 
bamate. 

It is an object of the present invention to 
achieve a complete separation of the car- 
bamate by a continuous process for the 

50 manufacture of urea from ammonia and car- 
- bon dioxide under elevated pressure and at 
elevated temperatures, in which the amount 
of unreacted ammonium carbamate formed 
is split by distillation of the reaction prc- 

55 ducts under pressures and temperatures 
which are in the range of. values of the 
synthesis pressure and temperature and in 
the presence of an excess of gaseous 
ammonia, the split product being fed into the 

60 synthesis environment again and the urea 
being withdrawn from the distillation 
environment 

According to this invention, these results 
are achieved by withdrawing from the dis- 

65 dilation apparatus a mixture consisting of 



the decomposition products of carbamate 
and excess gaseous ammonia, condensing all 
of said gaseous products so as to obtain 
liquid carbamate, feeding said carbamate 
into the urea . synthesis environment again, 70 
and recirculating thereafter into the distilla- 
tion environment the gases which, now con- 
sist of almost pure ammonia. In the practice 
of the invention, it has been found expedient 
to condense the gases withdrawn from the 75 
distillation environment with the. addition of 
■small amounts of water sufficient to prevent 
the precipitation of the condensed carba- 
mate: 

According to a further feature of this 80 
invention, die excess ammonia which is cir- 
culated, is fed into the distillation environ- 
ment together with the entire ammonia 
charge or with a fraction thereof, whereas 
the entire carbon dioxide charge, or a frac- 85 
tibn thereof, is added to the gases withdrawn 
from the distillation environment before the 
gases are condensed. 

Moreover, . it has been found convenient 
to compress the ammonia which is circa- 90 
lated, according to the invention, before 
feeding it into the distillation environment 
in order to allow for pressure losses, or to 
separate the inert components from said 
circulated ammonia by subjecting it to con- 95 
densation again before admitting it into the 
distillation environment 

According to still another feature of the 
present invention, the ammonia charge 
which is fed into the distillation area, and 100 
the carbon dioxide charge which is supplied 
to the gases withdrawn from said distillation 
area are both supercompressed and fed into 
the system by means of ejectors. 

The practice of the present process further 105 
permits an almost complete separation of 
the excess ammonia from the gases formed 
during the decomposition of the carbamate, 
which are fed into the reactor, whereas the 
excess ammonia is recycled into the dis- 11G 
filiation plant 

Inasmuch as the pressure at which dis- 
tillation takes place is, more or less, the 
synthesis pressure, carbamate can be ob- 
tained without being confronted with the 115 
necessity of feeding larger amounts of water 
into the reactor and without using machinery 
which should be specially designed to with- 
stand the corrosive action of the liquid and 
gas mixtures. J . 120 

The invention will be better understood 
from the ensuing detailed description of a 
few exemplary embodiments thereof which 
should not be construed as limi ta tions , and 
are illustrated in the accompanying draw- 125 
ings, wherein: 

Figure 1 is a flow-sheet which shows the 
several operational steps of an embodiment 
of the inventive process, an alternative there- 
to being indicated in dash-and-dot lines. J30 
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Figure 2 is a diagram showing the 
arrangement of the apparatus for performing 
the process outlined in the flow-sheet of 
Figure 1 and the alternative method thereof, 
5 and 

Figure 3 is a diagram showing a modifica- 
tion of the method shown in Figures 1 and 2. 

Referring first to Figures I and 2 of the 
drawings, a first embodiment of the invention 

10 will be described, while outlining also a 
partial alternative thereto: As shown in 
Figures 1 and Z carbon dioxide is fed into 
a reactor 3 through a duct 1. ammonia being 
fed through the duct 2. Within the reactor 

15 a pressure of from 100 to 300 atmospheres 
obtains at a temperature lying in the range 
from 170°C to 200°C From the reactor 
3, the reaction mixture is continually fed. 
via a pipeline 4, into a distillation apparatus 

20 5, said mixture consisting of urea, 
ammonium carbamate, water and ammonia. 
Within said distillation apparatus, there is a 
temperature between 160°C and 250°C, the 
pressure being, more or less, the one obtain- 

25 ing within the reactor 3. Excess ammonia, 
intended to delay and counteract the un- 
desirable urea reconversion reaction, is now 
fed into the bottom portion of said dis- 
filiation apparatus via the duct 6. Said 

30 ammonia is above the transition point 
between gaseous and liquid ammonia, that 
is, it is still in the gaseous condition and is 
thus enabled to rise with the other car- 
bamate-decomposition gases, thereby coming 

35 into constant contact with said reaction 
mixture. 

A urea, water and ammonia solution is 
continually discharged via the duct 7. Upon 
expansion and withdrawal of CCX-free 
40 ammonia, the solution is sent to further 
treatment so as to obtain urea as the end 
product. 

The gaseous substances originating from 
the decomposition of the carbamate are re- 

45 moved from the top portion of the dis- 
tillation plant through a duct 8. together 
with the excess ammonia and a small 
amount of water, to be fed subsequently 
into a condenser 9. Within the condenser 9, 

SO the gases have their temperature reduced 
to a value which lies between the solidifi- 
cation temperature of the carbamate and 
approximately 160° C In this way, almost 
complete condensation of the carbamate 

55 takes place, said carbamate having already 
been decomposed within the distillation 
apparatus 5 and being now in such a con- 
dition as to be separated in liquid form 
from the gaseous ammonia in separator 10. 

60 the latter being under the same pressure as 
reactor 3, the due allowance being made for 
pressure losses throughout the pipelines. 
Said separator 10 is situated at a higher 
level than that of the reactor 3. so that the 

65 carbamate can flow into the reactor by 



means of a barometric outlet or discharge 

The gases removed from the separator 10 
via a pipeline 12 consist of virtually pure 
ammonia and contain, consistently with the 70 
operation conditions, up to 50 parts by 
volume of CO. per 1.000 parts by volume 
of gas. Siaid gases could be passed on 
through a valved conduit 13 directly to a 
pipeline 21. or. as an alternative, if a further 75 
separation of CO- in the carbamate form is 
desired, through a valved conduit 14 into a 
condenser 15 where their temperature is 
caused to drop to approximately 140°C 

The small amount of carbamate which 80 
could still be formed there, would be solid 
at that temperature. Thus, small water 
values, sufficient to prevent the precipitation 
of the condensed carbamate, are fed into the 
condenser 15 through a pipeline 16, so that 85 
the carbamate is kept in liquid form. These 
small additional amounts of water cannot 
be specified a priori for all the practical 
cases, but can be determined empirically 
according to the particular operational con- 90 
ditions of the installation. The step of 
feeding-in such small amounts of water is 
critical, rather than the numerical values 
thereof. The aqueous solution is separated 
in a separator 17 from the gas. and flows on, 95 
also due to the action of its own weight, 
through said barometric outlet or discharge 
18 to the reactor 3, or. via pipeline 19, to 
the distillation apparatus 5. 

The ammonia which is discharged via a 100 
pipeline 20. from the separator 17 now 
contains only from 0.5 to 5.0 parts by 
volume of CO. per 1.000 parts by volume 
of gas. The virtually chemically pure 
ammonia flows through a. pipeline 21 to 1Q5" 
another condenser 22 in which it is cooled 
down below its critical temperature and is 
then condensed. In another separator 23, 
the liquid ammonia is then separated from 
the inert components which leave the plant no 
via a pipeline 24, and is returned by gravity 
through the barometric outlet 25 and pipe- 
line 6 back to the distillation apparatus 5, 
the latter being arranged at a level which is 
slightly below separator 23. 115 

If it is desired to increase the amount of 
ammonia which is fed into the distillation 
apparatus 5. the whole ammonia charge, or 
a portion thereof, can be admitted into said 
apparatus through a pipeline 27 instead of 120 
pipeline 2. In such a case, it is necessary to 
feed the entire carbon dioxide charge, or a 
portion thereof, through the pipeline 26 
rather than through the pipeline 1. The 
carbamate intended for the conversion into 125 
urea win then be formed not in reactor 3, 
but rather, either completely or in part, in 
condenser 9. together with recycled carba- 
mate, and will flow together with the latter 
through the barometric discharge 11 into the 130 



reactor 3. 

The excess ammonia, which has been 
separated from th CO., and which flows 
through the pipeline 21, can be returned to 
5 the distillation apparatus even without pre- 
vious condensation. If this is intended, the 
gas is passed through a device 224 which is 
arranged for the purpose of making up for 
the pressure losses which occur in the pipe- 
10 lines as well as inside the apparatus. Any 
corrosion is excluded, since the compressor 
is fed with almost completely pure 
ammonia. 

In order to achieve a compensation tor 
15 pressure losses, it is also possible to super- 
compress the gas charges, and to admit the 
same in gaseous condition by means of 
injectors. 

An alternative embodiment of the process 

20 described in detail in the foregoing can still 
be seen in Figures 1 and 2. and has been 
indicated in dash-and-dot lines in both these 
Figures. On considering more particularly 
the portion shown in dash-and-dot lines on 

25 the right, as viewed on Figure 2, all the 
operations are carried out as described 
above, the only exception being that excess 
ammonia flowing through the pipeline 21 
is directly recycled towards the distillation 

30 apparatus 5 without being condensed; this 
-' recycling step is carried out by a com- 
pressor. 22*. shown just in the right portion 
of Figure 2. The main task of said com- 
pressor is to compensate for the pressure 

35 losses undergone by the gases when they 
are caused to pass through the several pipe- 
lines and apparatus. Thus, a large com- 
pressor is not at all necessary and the power 
expenditure is reduced: in addition, said 



compressor operates on pure ammonia only, 40 
any corrosion hazard being thus surely pre- 
vented. 

The embodiment shown in Figure 3 cor- 
responds, in the main, to the diagram of 
Figures I and 2, and like parts have been 45 
indicated by like numerals and thus a 
detailed description will not be given to 
avoid unnecessary repetitions. In the em- 
bodiment shown in Figure 3, the feeding 
ammonia, instead of being directly admitted 50 
into the plant through the duct 2 (or through 
the duct 27) is supercompressed entirely or 
in part and is fed in gaseous conditi n 
through the ejector 22c, the possible remain- 
ing part of die ammonia being introduced 55 
through the duct 2. On the other hand, 
carbon dioxide, instead of being fed into 
the installation through the conduit 1 (or 
through the conduit 26). is supercompressed. 
entirely or in part, and fed in gaseous con- 
dition through the ejector 23c, a possible 
CO- balance being introduced through the 
conduit I. The ejectors 22c and 23c fulfil 
the function of compensating for the 
pressure losses, the circulation of the gases 55 
through the several conduits and apparatus 
being thus maintained. The excess ammonia 
can now be recycled through the conduit 6 
towards the distiller 5. 

The advantages afforded by the present 70 
process will become fully apparent from the 
comparative table reported below which 
establishes a comparison between a con- 
ventional process with partial recycle, the 
same conventional process with total re- 75 
cycle, and the process according to the 
oresent invention. 
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rOMPARISON BETWEEN THE CONSUMPTION DATA OF CONVENTIONAL 
COMPARISON B ^^ E £* A ND THE INVENTIVE METHOD 

DATA REFERRED TO ONE METRIC TON OF PRODUCED UREA. 
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Amounts of 
reactants 
and power 


Conventional 
method with 
partial recycle 


Conventional 
method with 
total recycle 


Inventive 
method 


Ammonia, kgs. 
Carbon dioxide kgs. 
Elec. power, kWh 
Steam, kgs. 
Cooling water 
Ccujneters at 25 "Q 


590 
1.100 

230 
1.600 

140 


590 
800 
170 
2300 

150 


575 
750 
130 
1.100 

■ 90 



90 This comparative Table clearly shows the 
advantages achieved by the present P"**-? 
as disclosed in connection with the embodi- 
ment shown in Figures 1 and 2 of the draw- 
ings. Like results can be obtained with tne 

95 alternative embodiment shown in Figure 3 
of the accompanying drawings. 



WHAT I CLAIM IS: — 

1. In a continuous process for the 
synthesis of urea from ammonia and carbon 
dioxide under elevated pressure and at 10O 
elevated temperatures, wherein the portion 
of ammonium carbamate which is not con- 
verted into urea is split into its com- 
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ponents by distillation at pressures and tem- 
peratures approximately equal to synthesis 
pressures and temperatures, in the presence 
of an excess quantity of gaseous ammonia, 
5 with the split products being readmitted to 
the urea synthesis and the urea being drawn 
off from the distillation zone, the improve- 
ment which comprises condensing the split 
products withdrawn from said distillation 

10 zone so as to form liquid carbamate and 
separating the same from said excess 
ammonia, returning said carbamate into the 
urea synthesis, recirculating said ammnnia 
into the distillation zone, and adding at least 

15 a portion of the carbon dioxide used in the 
synthesis to the gases withdrawn from the 
distillation zone before their condensation. 

2. The process according to Claim 1. 
wherein the gases, which are withdrawn from 

20 the distillation zone, are condensed with the 
simultaneous addition of small quantities of 
water sufficient to prevent precipitation of the 

3. The process according to Claim 1. 
wherein the recirculated excess ammonia is 

25 admitted to the distillation zone together 
with at least a part of the total ammonia 
used in the synthesis. 



4. The process according to Claim 1, 
wherein the recirculated ammonia is com- 
pressed before being admitted to the dis- 30 
dilation zone in order to compensate for 
pressure -losses. 

5. The process according to Claim 4 
which comprises recompressing the com- 
pressed ammonia in order to separate inert 35 
components therefrom before it is admitted 

to the distillation zone. 

6. The process according to Claim 1, 
wherein the ammonia charge is compressed 
and then admitted to the distillation zone by 40 
injection and the carbon dioxide charge is 
compressed and added by injection to the 
gases which have been withdrawn from said 
distillation zone. 

7. A continuous process for the synthesis 45 
of urea from g-mmrmin and carbon dioxide 
substantially as hereinbefore described with 
reference to the accompanying drawings. 

E. N. LEWIS & TAYLOR 
Chartered Patent Agents. 
144 New Walk. 
Leicester. 
Agents for the Applicant. 
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